Studies are under way for the detection of potential genetic effects of atomic bomb radiation at the DNA level in the children of survivors. In a pilot study, we have examined six minisatellites and five microsatellites in DNA derived from 100 families including 124 children. We detected a total of 28 mutations in three minisatellite loci. The mean mutation rates per locus per gamete in the six minisatellite loci were 1.5% for 65 exposed gametes for which mean parental gonadal dose was 1.9 Sv and 2.0% for 183 unexposed gametes. We detected four mutations in two tetranucleotide repeat sequences but no mutations in three trinucleotide repeat sequences. The mean mutation rate per locus per gamete was 0% for the exposed gametes and 0.5% for the unexposed gametes in the five microsatellite loci. No significant differences in the mutation rates between the exposed and the unexposed gametes were detected in these repetitive sequences. Additional loci are being analyzed to increase the power of our study to observe a significant difference in the mutation rates at the 0.05 level of significance. Environ Health Perspect 104(Suppl 3):51 1-519 (1996) 
Introduction
Extensive studies of the children of survivors of the atomic bombings in Hiroshima and Nagasaki have thus far yielded no statistically significant increases in genetic effects compared to a control population (1) (2) (3) (4) (5) (6) (7) (8) . Recently, the feasibility of detecting radiation-induced mutations at the DNA level has been explored (9-11). As samples for further screening, we have established cell lines from the peripheral B lymphocytes of over 800 families composed of father-mother-child trios. In half of the families, one or both parents were exposed to A-bomb radiation of more than 0.01 Sv (gonadal dose), whereas the other half is composed of control families in which parents were not exposed or exposed to less than 0.01 Sv.
DNA sequence analysis can detect both nudeotide substitutions and insertion/deletion/rearrangement (I/D/R) mutations. However, its efficiency is too low considering that 1.2 x 1010 nucleotides must be examined not only for the children of the exposed parents but also for the control children in order to detect a significant This paper was presented at the 2nd International Conference on Environmental Mutagens in Human Populations held 20-25 August 1995 in Prague, Czech Republic. Manuscript received 22 November 1995; manuscript accepted 28 Abbreviations used: I/D/R, insertion/deletion/rearrangement; VNTRs, variable number of tandem repeats; FRAXA, fragile X syndrome; DM, myotonic dystrophy; SBMA, spinobulbar muscular atrophy; FMR-1, fragile X mental retardation-1; AR, androgen receptor; 2-DE, two-dimensional gel electrophoresis; SSC, sodium chloridesodium citrate solution; PCR, polymerase chain reaction; 7-deaza-2'-dGTP, 7-deaza-2'-deoxyguanosine 5'-triphosphate; CSF1 R, macrophage colony-stimulating factor 1 receptor; CV, coefficient of variation; HNPCC, hereditary nonpolyposis colorectal cancer; A-bomb, atomic bomb. difference in the mutation rates between the two groups of children (11) . On the other hand, a single scanning technique capable of detecting a sequence difference in a fragment of hundreds of nucleotides is able to detect only one of the two types of mutations. Therefore, we have introduced and modified two types of scanning techniques for our studies, one for nucleotidesubstitution mutations and one for I/D/R mutations. We have improved efficiencies of techniques such as the RNase A method (12) and the modified denaturing gradient gel electrophoresis (DGGE) method (13, 14) . Although we confirmed that these approaches were effective for detecting nucleotide substitutions, small deletions, and insertions, the efficiencies of these techniques were still too low to study the huge number of nucleotides estimated necessary to detect significant differences between the two groups of children.
For the detection of the I/D/R mutations believed to predominate among radiation-induced mutations, we chose two types of DNA as targets: repetitive sequences, such as minisatellites and microsatellites, and single copy sequences. Minisatellites or VNTRs (variable number of tandem repeats) (15, 16) are dispersed throughout the human genome and show a strong tendency to cluster in telomeric regions (17) . Minisatellites consist of short-sequence units iterated in tandem to form arrays and show substantial allelic variation in the number of repeat units. At several minisatellite loci, extreme variabilities were observed that were associated with high mutation rates for new length alleles in the germline (18) . The mutation rates at these minisatellites were measurable by pedigree analysis using the standard Southern blotting technique.
Microsatellites consist of around 10 to 50 copies of motifs from 2 to 6 nucleotides long that can occur in perfect tandem repetition, as imperfect repeats, or together with another repeat type. They are highly polymorphic in copy number and are randomly distributed in human DNAs, and they occur frequently. The aberrant expansion of exonic trinucleotide repeats has recently been found to result in several genetic diseases such as fragile X syndrome (FRAXA) (19) (20) (21) , myotonic dystrophy (DM) (22, 23) and spinobulbar muscular atrophy (SBMA) (24) . Among normals, triplet repeats such as CGG, CTG, and CAG in fragile X mental retardation-1 SATOH ET AL.
(FMR-1), DM, and androgen receptor (AR) genes, respectively, which are causative for these diseases, are highly polymorphic in number. In patients, the triplet repeats are expanded well above the normal range. The numbers of repeats may differ among affected members of a given family or even among the cells of one individual (25, 26) . This diversity in the repeat number is thought to be caused by the instability of the triplet repeats in meiosis and mitosis, but the mechanism of this aberrant expansion has yet to be discerned. High spontaneous mutation rates in some of the tetranucleotide repeats are also reported (27, 28) . We have examined minisatellites and microsatellites to determine whether atomic bomb radiation affected the instability of these repetitive sequences.
For the detection of the I/D/R mutations in single copy sequences, we have introduced a new two-dimensional gel electrophoresis approach termed restriction landmark genome scanning, reported by Hatada et al. (29) . Without using probes, this method provides over 2,000 DNA fragments (spots) from a genomic DNA digest on a single gel. We use Notl as one of three restriction enzymes to digest the DNA, and the resulting NotI sites, which are frequent in the unmethylated CpG islands are labeled with 32p. This strategy is thought to assure that a high proportion of visualized fragments originate from active genes (30) . Because a fresh mutation would usually be detected in a heterozygote with one normal and one mutated allele and only the normal allele would be at the usual position, a quantitative analysis searching for a 50% decrease in spot intensity is required.
In this report we describe results obtained in the pilot studies on minisatellites and microsatellites. In addition, we also describe the efficiency observed in a preliminary study on the 2-DE technique as a screen for mutations because the 2-DE technique seems promising for the screening of a large number of nucleotides, which is our stated goal.
Materials and Methods

Families and DNA Samples
We studied 50 exposed families and 50 control families. These 100 families are a subsample of approximately 800 families from Hiroshima and Nagasaki consisting of father, mother, and all available children from whom permanent cell lines have been established by using Epstein-Barr virus transformation of peripheral B lymphocytes. In these 800 families, all parents were younger than 25 years of age at the time of the bombings. In each of the families, one or both parents belong to the Adult Health Study cohort that is monitored biennially by our institution (31) and at least one of the children has been examined for protein mutations in a previous study on the children of the atomic bomb survivors (4) . In 400 families, termed the exposed group, one or both parents received A-bomb radiation of more than 0.01 Sv (gonadal dose). For the integration of two types of radiation released by the atomic bombs (predominantly gamma and a small neutron component) into a single figure expressed in Sv, we employed a value of 20 as the relative biological effectiveness (5) (6) (7) (8) . The other 400 are control families in which one or both parents were exposed to less than 0.01 Sv or were not in Hiroshima or Nagasaki at the time of the bombing. Table 1 summarizes the numbers of children of the 100 families belonging to the exposed and the control groups and the numbers of gametes derived from the exposed parents and the unexposed parents. Among 65 exposed gametes, 33 were maternally exposed and 32 were paternally exposed, with mean doses for gametes being 1.7 Sv and 2.1 Sv, respectively. Among 63 unexposed gametes in the exposed group, 31 and 32 gametes were derived from mother and father, respectively. Because most of the children from the exposed families in our study were born more than 10 years after the bombings, these children are assumed to be derived from gametes irradiated at the spermatogonial stage or the oocyte stage.
DNA samples were extracted from cell nuclei of the cell lines or peripheral lymphocytes as previously described (32) . For screening purposes, DNA samples We used primer 443, 5'-TCCA-GAATCTGTTCCAGAGCGTGC-3' (sense), which is identical to one of the primers used by La Spada et al. (24) , and primer 446, 5'-CAGGACCAGGTAGC-CTGTGG-3' (antisense) for amplification of the sequences with CAG repeats in the AR genes. By using this primer set, an amplified sequence with 16 CAG triplets was 245-bp long. Except for the primers, the reaction mixture and the conditions for the PCR amplification were identical with those used for the DMgene.
For amplification of the sequences with CGG repeats in the FMR-1 genes, we used 449 and 452 primers whose sequences are 5'-GCGCTCAGCTCCGTTTCG-3' (sense) and 5'-TCCTCCATCTTCTCT TCAGCC-3' (antisense), respectively, which are slightly different from those of Kremer et al. (39) . By using this primer set, an amplified sequence with 16 CGG repeats was 248-bp long. In the reaction mixture, 7-deaza-2'-deoxyguanosine 5'-triphosphate (7-deaza-2'-dGTP) was used instead of dGTP and 10% dimethyl sulfoxide (DMSO) was added. In the PCR, the temperature cycle number was increased to 27 and the annealing temperature was decreased to 550C.
For amplification of the sequences composed of different numbers of CCTT repeats and CTTT repeats, which we describe as CCTT/CTTT repeats, in the macrophage colony-stimulating factor 1 receptor (CSF1R) genes, hemi-nested PCR was performed following the method of Hastbacka et al. (27) . The three primers 463, 464, and 465 have identical sequences with primers used by these investigators. A first PCR was performed with primers 463 and 464 using a reaction mixture identical to that used for the DM gene, but without a-32P-labeled dCTP, for 27 cycles in the Iwaki thermal sequencer TSR 300 (Iwaki Glass, Tokyo, Japan). The cycling conditions were: 95°C for 75 sec, 660C for 160 sec, and 720C for 100 sec followed by a final 400 sec extension step at 720C. Using 1 pl of the amplification product from the first PCR reaction mixture as template, a second PCR was performed in a thermal controller (MJ Research) in a final reaction mixture of 10 pl using primers 463 and 465. The concentration of each material in the reaction mixture was identical with that used for the DM gene amplification. We found that some individuals had a 107 bp sequence with 4 CTTT repeats but no CCTT repeats or a 1 1 1 bp sequence with 5 CTTT repeats and no CCTT repeats. These short sequences could not be effectively amplified under the conditions optimal for amplification of the sequences longer than 194 bp containing CCTT/ CTTT repeats. Thus, we made two 10-pI reaction mixtures using two 1-pl aliquots from a single first PCR reaction mixture, and these were employed in the second PCR under different conditions. For longer sequences, the cycling conditions after 5 min at 95°C were 26 cycles: 95°C for 35 sec and 71°C for 150 sec followed by a final 7-min extension step at 720 C. Electrophoresis was carried out for 18 to 20 hr. For short sequences, after 10 min at 950C, the cycling conditions for 28 cycles were 95°C for 35 sec, 68°C for 120 sec, and 720C for 70 sec, followed by a final 7-min extension step at 720C. Electrophoresis was carried out until the xylene cyanol-band moved to the position of 39 cm from the origin.
Primers 468 and 469, identical to those used by Hastbacka et al. (27) , were used for amplification of sequences including TAGA repeats in the CSFlR gene. By using this primer set, an amplified sequence with 16 TAGA repeats was 192-bp long. After 10 min at 950C, the cycling conditions (26 cycles) were 950C for 35 sec, 670C for 60 sec, and 72°C for 30 sec, followed by a final 7-min extension at 720C in the thermal controller (MJ Research).
Sequencing ofTrinucleotde and Tetranudeotde Repeats
Fragments to be sequenced were amplified following the methods used for the amplification of the sequences in the screening for mutations, but the final volume was scaled up to 100 pl and a-32P-dCTP was excluded. The second PCR was carried out using 10 pl of the amplification product from the first PCR reaction mixture as template in a final reaction mixture of 100 pl for each of several reaction mixtures. After the second PCR, reaction mixtures from several tubes were combined and electrophoresis was carried out on 3% agarose (2% NuSieve GTG agarose and 1% SeaKem LE agarose; FMC Bio Products, Rockland, ME) gel using Tris-borate-EDTA (TBE) buffer.
After staining DNA fragments with ethidium bromide, bands to be sequenced were cut from the agarose gel, and the fragments were extracted using a QIAEX gel extraction kit according to the QIAEX DNA gel extraction protocol (DIAGEN, GmbH; Hilden, Germany/QIAGEN, Chatsworth, CA). Purified DNA fragments were sequenced using the dsDNA cycle sequencing system obtained from Environmental Health Perspectives * Vol 104, Supplement 3 * May 1996 GIBCO BRL (Gaithersburg, MD) following their protocol.
2-Dimensional Gel Electrophoresis
DNA samples were extracted from cell lines derived from three father-motherchild trios. None of the parents had been exposed to the A-bomb radiation. Experimental conditions for the sample preparation and 2-DE, data collection and analysis, and construction of a genomic DNA library were carried out following the methods described in our previous reports (30, 40, 41 (Table 2) , each allele in children can be traced back to one parent. We compared the bands of the children with those of their parents and identified mutant bands when bands with identical lengths were absent in both parents. Whenever we detected the mutant bands in children, we confirmed these assignments by retesting these families using DNA digested with AluI, which cuts at positions outside the repeat-unit block that are different from the Hinfl digestion sites. To exclude the possibility that mutations could have been generated during establishment and proliferation of the cell Table 2 . In screening 124 children for mutations, we detected 1, 12, and 15 mutations at the pXg3, XMS-1, and CEB-I loci, respectively. The mean mutation rate (mutations/locus/gamete) in these minisatellite loci was 1.5% [6 *+ (65 x 6)] in the exposed gametes and 2.0% [22 * . (183 x 6)] in the unexposed gametes. We observed no significant difference in the mean mutation rates for six minisatellite loci between the exposed gametes and the unexposed gametes (p = 0.37, Fisher's exact probability test). In our analysis, detectability of mutations depends on the length of bands because gains or losses of small numbers of repeat units in large alleles is difficult to detect. There was no significant difference between the mean values of the lengths of bands at each of the six loci derived from the two groups of parents (data not shown); however, small deletions may have escaped detection in these analyses. Mutations at Microsatellite Loci In 124 children of the 100 families, we determined the number of trinucleotide repeats in the DM, FMR-i, and AR genes that, when expanded, are known to be responsible for DM, FRAXA, and SBMA, respectively. The DM gene is on chromosome 19 and the FMR-I and the AR genes are on the X-chromosome. We also examined two types of tetranucleotide repeats in the CSFRI gene that is identical with c-fins on chromosome 5, which encodes the macrophage colony stimulating factor 1 receptor. We compared bands of PCR-amplified sequences that include trinucleotide or tetranucleotide repeats from children with those from their parents and identified mutant bands when bands with identical lengths were absent in both parents. When we detected apparent mutant bands in the children, we confirmed the assignments by retesting the families using the second aliquot of the samples separately stored and examining samples of DNA prepared from granulocytes or lymphocytes that had not been immortalized.
In the examinations of trinucleotide repeats, we detected several children who showed abnormal bands that were not identical with any of their parental bands, when DNA samples extracted from the cell lines were examined. However, when DNA samples from untransformed lymphocytes or granulocytes were examined, the abnormal bands were absent. Therefore, the abnormal bands must have resulted from mutations that occurred in the process of transformation or in succeeding cultures, or parental lymphocytes had been mosaic and cells with one type of alleles were selectively amplified in the cell culture process. Thus, we detected no mutations in the trinucleotide repeats in the three genes ( Table 3) .
The tetranucleotide repeat in intron 2 of the CSFIR gene was composed of CCTT repeat and CTTT repeat. A sequence including CCTT/CTTT repeat was amplified by PCR and lengths of products in single families were compared. Two mutations that resulted in decreased band length were detected. The first, detected in a female child from Nagasaki, seemed to be derived from her mother who had received a gonadal dose of less than 0.01 Sv and had been classified as an unexposed parent. The second mutation, also detected in a female Nagasaki child, originated from her mother whose gonadal dose was again less than 0.01 Sv. Thus, the mutation rate was 1.1% per gamete in the unexposed parents. We detected two additional mutations that resulted in an increased number of TAGA repeats in intron 6 in two children from Hiroshima families. We could not define parental origins of these mutations, but both were from unexposed families (Table  4) . Thus, these were spontaneous mutations, and the mutation rate at the TAGA repeat locus was also 1.1% per gamete in the unexposed parents. These four mutants were also detected in DNA from untransformed lymphocytes or granulocytes.
As shown in Table 3 , we detected no mutations in a total of 307 alleles derived from the exposed gametes and four mutations in 809 alleles derived from the unexposed gametes. The mean mutation rates in these five microsatellite loci were 0% for the exposed gametes and 0.5% for the unexposed gametes. Thus there was no significant difference in the mean mutation rate for the five microsatellite loci between the children of the exposed and the unexposed parents.
Preliminary Results Obtained by 2-Dimensional Gel Electrophoresis
By choosing three restriction enzymes, NotI, EcoRV and Hinfl, approximately 2,000 DNA fragments (0.3-2.0 kb) from a single DNA sample were separated and visualized as spots by autoradiography on a polyacrylamide sheet gel (Figure 1 ). After optimization of experimental conditions, gel patterns were of such quality that duplicate electrophoretic patterns of spots derived from a single DNA sample were superimposable. In principle, this system will detect two types of genetic variations: variations due to gain or loss of a cut site for the three restriction enzymes used to digest DNA, and variations due to I/D/R events.
The intensity of any spot on the gel is, in the usual case, expected to be determined by two homologous DNA fragments; however, in a heterozygote with a normal allele and a hereditary variant allele or a mutant allele whose length is different from that of the normal allele, only one DNA fragment would be at the usual position and the intensity of this spot should be decreased by about one-half. The variant or the mutant fragment may migrate to an altered position on the gel as a new spot, not enter the gel, or migrate off the gel. New spots may appear on the gel as a result of change in a fragment that does not normally appear on the gel. Some I/D/R events could eliminate a second fragment.
We have analyzed DNA samples from three mother-father-child trios. For each sample, gels were prepared in duplicate and autoradiograms were analyzed at the University of Michigan Medical School. Of approximately 2,000 spots on the autoradiogram, 774 spots were selected as potential candidates because they were distinct, they were not near the margins of the gel, and they were not one of the very large spots on the gel. As a measure of the variation in the integrated density of each spot (i.e., in spot intensity), we employed a coefficient of variation (CV), obtained by dividing the square root of the unbiased estimator of the variance by the mean spot intensity for each set of nine gels; we used the average of the two intraset CVs as a single measure of spot reproducibility. Among the 774 spots, 482 spots were selected because the average CV for their intensities for the 2 sets of 9 gels was less than 0.12. In a system in which the CV for intensities of the spots is less than 0.12, a spot whose intensity is 50% of the normal value should be detectable. We have detected heterozygotes with normal and deleted alleles using this criterion in our previous screening for enzyme deficiency variants (43) and in a study to detect heterozygous carriers of a deletion in the families of Duchenne muscular dystrophy patients and of a hemophilia B patient (32) . Thus, the 482 spots, which include 43 spots showing genetic polymorphisms, are suitable to detect mutations; however, we detected no mutations among the spots of three children of the three trios. When we rely on these spots, the number of base pairs that can be screened on a gel from one individual will be 2.5x 106 bp (=500x2,500bpx2), where the average size of each spot is estimated to be 2,500 bp.
Two polymorphic systems whose spots are included in the 43 spots are shown in Figure 2 ; each of the six digital images was taken from a whole 2-DE gel image 
Discussion
We examined frequencies of germline mutations at six minisatellite loci in the exposed and the control families. The mean mutation rate in these loci was 1.5% in the exposed gametes and 2.0% in the unexposed gametes. The observed mean mutation rates are similar to the spontaneous mutation rate of 1.2% (48/ (18, 44) and the mean mutation rate of 1.2% (55/4611) observed for five minisatellite loci, XMS-1, XMS-31, pXg3, XMS-43, and YNH24, in Caucasian families (45, 46) .
We found that all 15 mutations in the CEB-1 locus were of paternal origin. Vergnaud et al. (36) reported an identical result. In the examinations of the pXg3 locus, only one mutation that occurred in an exposed father was detected in a son who also showed a mutation in the CEB-1. The bias toward the paternal origin of the mutation at the CEB-1 locus may reflect the large number of cell divisions during spermatogenesis compared with oocyte formation, which makes the frequency of accumulated replication errors in male germ lines higher than that in female germ lines and suggests the involvement of mitotic events in the generation of mutations.
Among 12 mutants detected at the XMS-1 locus, 3 were of maternal origin and 9 were of paternal origin. However, no significant differences were seen between the mutation rates at the XMS-1 locus of male and female germ cells (p = 0.07, Fisher's exact probability test). Jeffreys et al. (18) reported that paternal and maternal mutation rates were similar (5.5% and 4.9% per gamete, respectively) at the XMS-1 locus, and suggested that the germline mutations at the XMS-1 might arise during meiosis. Origins of mutations at the CEB-I and XMS-1 loci may be different. Mutations originating from replication errors, such as those at the CEB-1 locus, may be less sensitive to radiation exposure compared with those occurring at the XMS-1 locus, which are not related to replication errors. A distinct minisatellite locus might respond differently to radiation.
In this pilot study, we examined the children of families in which primarily one parent was exposed or in which neither parent was exposed (control families). How children can be easily deduced, examining the children of the control group is unnecessary. Using this strategy, the numbers of gametes derived from the exposed mothers and the exposed fathers must be the same in order to have an equal number of unexposed controls for both of them, a criterion that is fulfilled in our exposed families. By excluding the control group, efficiency of the screening increases. In addition, in a child carrying one exposed allele and one unexposed allele, the background (genetic and environmental) effects are identical on both alleles, which is preferable. We estimated the numerical requirement to demonstrate a significant difference between the mutation rates at the minisatellite loci of the exposed and the unexposed germ cells employing standard power function statistics (a type I error of 0.05 and a type II error of 0.2). Because the most probable human gametic doubling dose for acute radiation exposure has been estimated to be between 1.7 and 2.2 Sv (5) and the mean gonadal dose for the 65 exposed gametes was 1.9 Sv, we assume that they had received the estimated doubling dose. For a locus with a spontaneous mutation rate of 0.02 per gamete, the mean mutation rate of the six loci examined in this study, we calculated that we would need to survey two samples (exposed and unexposed) of 1,188 germ cells each to observe a significant difference at the 0.05 level of significance. By examining the 64 children from the exposed families at six loci, we have already examined a total of 390 exposed alleles and 378 unexposed alleles in this study. Thus, in these children we have to examine an additional 13 minisatellite loci having a mutation rate of 0.02/gamete/locus.
There are a few published reports concerning radiosensitivity of mouse minisatellite loci. Sadamoto et al. (47) reported that an increase in the mouse paternal germline mutation rate at the Pc-i locus was statistically significant for irradiation with 3-Gy y rays at the spermatid stage but not at the spermatogonial stage. They confirmed the results with a larger number of offspring (48) . On the other hand, Dubrova et al. (49) reported that an increase in the mouse paternal germline mutation rate in DNA fingerprints induced by 0.5 Gy y irradiation to which the increase in the mutation rate at the Pc-i locus is believed to contribute was statistically significant at the spermatogonial stage but that induced by 1.0 Gy irradiation was not significant. Results based on mouse data are not consistent with regard to the doubling dose and radiation-sensitive stage, and further study is necessary to provide suitable data for humans.
In the examination of the microsatellites, we compared the lengths of the PCR-amplified fragments including trinucleotide or tetranucleotide repeats in single families. When we sequenced fragments with CCTT/CTTT repeats from more than 30 individuals, we discovered that repeat numbers of CCTT and CTTT varied among individuals who nevertheless had identical total lengths of their fragments. Our present screening method to examine the total number of repeats cannot detect differences in numbers of these two types of repeats. We have established a method to determine each of these two types of repeats independently, and their repeat numbers are being examined.
Recently, hereditary nonpolyposis colorectal cancer (HNPCC) and some other colon cancer cells were observed to have an abnormality called microsatellite instability in which mutations occur at several microsatellite loci on different chromosomes (50, 51) . HNPCC can be caused by germline mutations of the mismatch repair genes (52) (53) (54) . In each of the mutations we detected, however, the mutation had occurred at only one microsatellite locus. Thus, these mutations do not seem to be caused by an abnormality in the mismatch repair genes.
For characterization of mutant fragments that will be detected by 2-DE in the future, we have constructed a genomic DNA library prepared from DNA fragments digested with NotI and EcoRV. We have also developed a method that permits target cloning of DNA spots obtained from the 2-DE gels. By using the cloned DNA spots as probes in the screening of the DNA library and Southern blot analysis of the 2-DE gels, we have isolated and characterized DNA fragments that represent new hereditary polymorphic variants detected in the 2-DE gels. Asakawa et al. (40) reported an example in which there was a Hinfl site sequence (-AGGAGTCGGG-) in the smaller fragment, but the larger fragment that did not have this site was characterized by the sequence (-AGGAGTTGGG-).
The mutational yield in the 2-DE study can be calculated only approximately. If we assume that the spontaneous mutation rate is 1 x 10-5/fragment/generation (30), we would then expect one mutation per 100 gels from control children (500 diploid fragments scored per gel). This calculation is based on having 500 good spots from the 2,000 derived from the NotIlEcoRV fragments of 1 to 5 kb separated in the first dimension electrophoresis. Considering this assumed mutation rate, it is not surprising that we detected no mutations in the spots from the three children examined in this preliminary study using the 2-DE technique. We are now making an effort to develop a 2-DE pattern from the 5-to 20-kb NotI/ EcoRV fragments, which will visualize a new 2,000 spots.
